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Abstract 
The paper aims to present the adaptation study of “The Mathematics and Technology Attitudes Scale (MTAS)” into 
Turkish. The original form MTAS was developed by Pierce, Stacey and Barkatsas (2007) in order to investigate the 
effect of five different variables in learning mathematics with technology. The original form of the attitudes scale 
consists of 20 items that are rated on a Likert-type 5-point scale. The MTAS also comprises five factorial dimensions 
in order to measure five different variables. The data were gathered from 1990 middle school students in order to show 
validity and reliability of MTAS. The analyses are completed in two phases. In the first stem EFA and CFA was 
conducted. Then the reliability coefficients were calculated. According to the findings of applied analyses, it was found 
that Turkish form of MTAS, that has completely similar factor structure to original form, is a reliable and valid scale for 
assesment of middle school students’ attitude towards learning mathematics with technology.  
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1. Introduction 
The field of social psychology has been considered a composite of heterogeneous parts, but attitudes have always been 
the most important and fundamental concepts in the social psychology (McGuire, 1985). In fact, social psychology was 
defined as the scientific study of attitudes in pioneer researches (Allport, 1935). It is very reasonable to emphasize 
Allport’s (1935) prominent determination that attitudes are “the most distinctive and indispensable concept in American 
social psychology”. Allport’s this famous dictum obviously was true in the past, but also true even today, almost eighty 
five years later. It has also been noted, almost fifteen years ago, that the number of the published items in a literature 
search on the concept of 'attitude' is more than 50,000. The attitude concept is popular because it is the most important 
determinants in the prediction and explanation of human behavior (Visser and Cooper, 2003). 
Similarly in the literature about mathematics education the attitude has a long history and a very high popularity. Many 
researchers have revealed that the students’ attitude towards mathematics is the most important determinant their 
mathematics achievement (Ma and Kishor, 1997). In the consideration of the achievement in mathematics, a large 
number of investigations focus on two subject; cognitive factors and affective factors. In teaching and learning 
interaction process, cognitive factors are influenced by affective factors (McLeod, 1992). Furthermore, there is a 
comprehensive body of research on affective factors, focusing mainly on attitudes (Ernest, 1989) because its influence 
over the students’ behavior. 
In mathematics education literature, the attitude has also a long history. Despite of the attitude’s long history, the 
theoretical definition and the construct of attitude are ambiguous (Hannula, 2002). As a result of this, the trend in the 
attitude researches inclined more toward the construction of measurement tools rather than toward the methodological 
contributions about the theoretical construction and definition attitude (Di Martino and Zan, 2001). But considering the 
discussion on the structure and definition of attitude there are also many different theoretical models, proposed by the 
different scholars. Attitude towards technology is accepted one of the key concepts in some of these proposed 
theoretical models such as Technology Acceptance Model (TAM). TAM is an application of attitude as a model of 
attitude, suggested by Davis (1993). The basic approach of the model can be summarized that attitude towards 
technology influences on the usage technology. In turn, effective usage of technology also influences on attitude 
towards technology. 
Attitudes towards learning mathematics with technology  
In mathematics teaching and learning process the technological application, in particular computer-aided teaching 
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environments, offers many advantages in teaching mathematics (Baki ve Güveli, 2008). In recent years, especially after 
the FATIH (Movement to Improve Opportunities and Technological Improvement) project in 2010, educators and 
researchers have focused on the impact of technology in mathematics education (Pamuk et all., 2013). Considering the 
studies in this area it is observed that students' attitudes towards mathematics are investigated only, but the attitudes 
towards technology are relatively neglected. However, some researches have revealed that the inclusion of technology 
in teaching mathematics is more closely related to attitudes towards technology rather than attitudes toward 
mathematics (Pierce et al., 2007). 
A hypothesized model for the MTAS has been proposed by Pierce et al. (2007) in a mathematics curriculum 
development project titled "RITEMATHS" in Australia. The RITEMATHS is an experimental mathematics curriculum 
development project for middle schools. In the content of the project, it is also aimed to observe the attitudinal changing 
of students in mathematics learning process to consider the best implementation of technology in mathematics learning 
environment.  
The MTAS, developed by Pierce et al. (2007), is a measurement tool consisting of 20 items of 5 Likert types collected 
under five factors. A theoretical model has also been put forward that identifies the conceptual framework of the scale 
development studies. In this respect, the theoretical model is based on attitude to the use of technology to learn 
mathematics (MT), mathematics confidence (MC), confidence in using technology (TC), behavioral engagement (BE) 
and. affective engagement (AE). The scale has 5 factors aiming to measure these 5 variables. The validity of the model 
structure was also demonstrated by the results of another study previously conducted by Pierce and Stacey (2004). 
The instrument for measuring students’ attitudes to learning mathematics with technology was adapted to Turkish in 
some previous studies conducted by different working groups composed of high school (Duru, Peker and Akçakın, 2010; 
Gürbüz, Çavuş-Erdem and Toprak, 2015) and university (Dedeoğlu, Çaylan, Takunyacı and Ergene, 2017) students. 
However, the lack of adaptation studies with secondary school students and the fact that the factorial structures of the 
Turkish form of the measurement tool differed from those of the previous studies have suggested that the adaptation 
study should be done again with middle school students. 
2. Method 
This research is a scale adaptation study, designed according to quantitative paradigm. The purpose of the study present 
presented in the paper is to adapt the MTAS developed into Turkish language and to determine its psychometric features 
such as validity and reliability. In the study, the scale adaptation procedure, recommended by Hambleton and Patsula 
(1999) was applied. 
2.1 Participants 
Analysis in the study was carried out on two different data set gathered from two distinct sample groups, composed of 
total 1753 middle school students graders in different schools throughout the Çanakkale Province Center. The 
participants were selected via convenience sampling technique. Exploratory factor analysis (EFA) was conducted on the 
data gathered from the first sample group, composed of 1068 students.  Confirmatory factor analysis (CFA) was 
performed by the second group, composed of 685 students. 
In the literature, it is recommended that at least 300 people should be taken as participants in factor analysis studies 
(Tabachnick and Fidell, 2007). In some other studies, it is stated that participation should be five or ten times the 
number of items in the scale (Bryman and Cramer, 2001). In the study, the entire recommended criterion is supplied as a 
number of participants. Demographic information about participant students in the study is given in Table 1. 
Table 1. Grade and gender distribution of students 
 EFA CFA 
Gender 5th 6th 7th 8th Total 5th 6th 7th 8th Total 
Girl 104 85 799 162 550 74 102 81 82 339 
Boy 102 97 167 152 518 79 109 104 54 346 
Total 206 182 366 314 1068 153 211 185 136 685 
2.2 Instrument 
The original form of the MTAS was developed by Pierce, Stacey and Barkatsas (2007) in order to measure students’ 
attitudes towards learning mathematics with technology. The instrument comprises 20 items, rated on a Likert-type 5 
-point scale, ranging from “strongly agree” to “strongly disagree”. As a factorial structure, the scale comprises five 
dimensions, each factor dimension includes four items, have been developed for monitoring five variables: affective 
engagement (AE), behavioral engagement (BE), mathematics confidence (MC), confidence in using technology (TC) 
and attitude to the use of technology to learn mathematics (MT). 
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2.3 Data Analysis 
The original scale in English, it was already translated into Turkish (Duru et all., 2010; Gürbüz, et all., 2015). The 
original and translated forms are submitted to a group of experts in order to supply the concept validity of MTAS. After 
the arrangements were made according to the advices of the experts, the final version of the scale was administered to 
1753 students in 5th, 6th, 7th and 8th classes of middle schools. Psychometric properties of MTAS were tested by 
confirming the construct validity and reliability. EFA and CFA were applied in the investigation of the construct validity. 
In addition, the Cronbach's alpha coefficients were calculated for the reliability analysis. 
3. Results 
3.1 Exploratory Factor Analysis (EFA) Results 
In the demonstration of the construct validity of MTAS, EFA was performed according to the recommendations in the 
relevant literature (Büyüköztürk, 2012). As a priory EFA Kaiser Meyer-Olkin (KMO) value which needs to be over .50, 
was examined. It (.939) was found significant with Bartlett Test (χ2 =12151.04, df=190, p<.001) (Hair, Black, Babin 
and Anderson, 2010). Based on these test results, data is considered is appropriate for the factor analysis. Because there 
is a correlation between the factors in the original form of MTAS, in EFA direct oblimin rotation technique was applied. 
As a result of EFA, presented in Table 2, the MTAS comprises 20 items and 5 factors that each factor consists of four 
items. The Turkish form of MTAS is identical to the original form. 
Table 2. EFA results of MTAS  
Item 
Factor Common 
Variance 
Factor Load Values Cronbach’s 
Alpha Level BE TC MC AE MT 
1 .645 .429     .856 
2 .552 .508     
3 .541 .474     
4 .490 .423     
5 .497  .824    .801 
6 .423  .740    
7 .490  .721    
8 .412  .539    
9 .696   .779   .915 
10 .705   .824   
11 .716   .817   
12 .684   .403   
13 .607    .767  .838 
14 .563    .466  
15 .593    .795  
16 .370    .581  
17 .528     .643 .872 
18 .600     .853 
19 .586     .853 
20 .533     .781 
Total Variance Explained 
(Total=62,638) 
39.165 13.142 6.546 2.507 1.277 .918 
Table 2 shows that after EFA, it is observed that The Turkish form of MTAS comprises 20 items and 5 factors. Each 
factor contains four items. The total variance, explained by the first factor, is 39.165. The second factor explains 13.142% 
of the total variance, third 6.546%, fourth 2.507%, and fifth 1.277%. The 20 items of MTAS under five factors in total 
explain 62.638% of the variance. Therefore, the results shows factor loadings of items in MTAS ranges from .403 
to .853. Finally, while considering communalities that are accepted the indicator of the amount that each item explains 
the variance; common factor variance values of the MTAS’s items are ranging from .370 to .716. In the literature the 
recommended reference values for factor loading is minimum .40 and over. The reference value for common factor 
variance is recommended to be at least .30 and over (Hair et al., 2010). 
Finally, the reliability coefficients of the scale are also listed in Table 2. The calculated reliability coefficient for entire 
scale is .918. The other coefficients obtained for five factors range between .801 and .915. It is stated that Cronbach’s 
alpha coefficients should be at least on the level of .70 and above (Hair et al., 2010). 
3.2 Confirmatory Factor Analysis (CFA) Results 
In next step of the study, CFA was performed in order to confirm the factorial structure of Turkish form of the MTAS, 
obtained after EFA. The structural model obtained from the analysis is presented in Figure 1. 
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Figure 1. First-level CFA path diagram 
According to the diagram in Figure 1, it is observed that item factor loads range from .56 to .88. When the fit indices of 
the model were taken into consideration, the calculated Chi-Square (2) value is 381.02 and degree of freedom (df) is 
147. As a result, firstly the model is statistically significant (p<0.001), secondly χ2/sd ratio is 2.5919 is an indicator of 
perfect fit and all factor loads are obtained larger than 0.30 (Büyüköztürk, 2012). In addition, the other fit indices of the 
model that are obtained after the performed CFA, are listed in Table 3. 
Table 3. CFA results of MTAS* 
Fit index Perfect fit  Acceptable fit  Research findings Results 
RMSEA .00 ≤ RMSEA≤ .05 .05 ≤ RMSEA≤ .10 .048 Perfect fit  
GFI .95 ≤ GFI ≤ 1.00 .90 ≤ GFI ≤ .95 .95 Perfect fit 
AGFI .90 ≤ AGFI ≤ 1.00 .85 ≤ AGFI ≤ .90 .92 Perfect fit 
CFI .97 ≤ CFI ≤ 1.00 .95 ≤ CFI ≤ .97 .99 Perfect fit  
NFI .95 ≤ NFI ≤ 1.00 .90 ≤ NFI ≤ .95 .98 Perfect fit  
χ2/sd 0 ≤ χ2 /sd ≤ 3 3 ≤ χ2 /sd ≤ 4 381.02/147=2.5919 Perfect fit 
*Schermelleh-Engel and Moosbrugger, (2003) 
The major purpose of CFA is to examine the goodness of fit indices. In accordance with the findings presented in Table 
3, all indices are in perfect fit. As a result, the factorial structure of the MTAS, obtained from EFA and from the 
theoretical model has been confirmed by CFA. 
4. Conclusion 
The major purpose of the presented study in this paper is the adaptation of the MTAS, developed by Pierce et al. (2007) 
into Turkish for middle school students and to determine its psychometric features such as reliability and validity. The 
reliability of the MTAS was determined by calculating the internal consistency coefficients. EFA and CFA were 
conducted in order to examine the validity of the MTAS. 
The findings of applied EFA presented that, adapted Turkish form of MTAS consists of the 20 items are loaded on five 
factors, completely identical to original form of the scale. After EFA, conducted CFA confirmed the factorial structure 
of the MTAS, obtained by EFA accordance with the theoretical model. All goodness of fit indexes that were in perfect 
fitness boarders show that the results obtained by EFA, are also confirmed by CFA. For the reliability of the MTAS, 
Cronbach’s alpha coefficients were calculated. The internal consistency coefficients of the five factors of the MTAS 
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ranged from .801 to .915. As a result, calculations showed that the reliability coefficients of MTAS are adequate.  
According to finding of applied validity and reliability analyses, it was found that Turkish form of the MTAS has 
identical factorial structure to the original form of the scale. As a result, Turkish form of MTAS is a reliable and valid 
scale in order to measure five variables related to attitude towards mathematics and technology. 
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